Introduction
Flavonoids are a group of polyphenol secondary metabolites that play an important role in the normal growth, development and defense of plants. 1 Onions are a rich source of flavonoids 2 and one of the main sources of polyphenols in the human diet. 3 The main flavonoids in onions are quercetin mono-and di-glucosides, which account for up to 80% of the total content of flavonoids. 1, 4 There is increasing interest in quercetin and related compounds due to their possible health benefits, including inhibiting the growth of several kinds of cancer cells [5] [6] [7] as well as their antioxidant and free-radical scavenger activities. 8, 9 The content of polyphenols varies depending on the variety of onion, 10 the environmental and growth conditions, the time of harvest, and the processing and storage conditions. 11 Thus, using a validated method to quantify the quercetin content of onions would aid in the selection of onion cultivars with higher quercetin content, and help to increase quercetin content by cultivation management.
A validated method for the quantification of flavanol aglycones, including quercetin, is provided in Official Methods of Analysis of AOAC International (OMA) 2006.07 Flavonol Aglycones in Ginkgo biloba Dietary Supplement Crude Materials and Finished Products, but this method is applied to ginkgo products. 12 In this method, the flavanol content is determined by HPLC after all of the flavonol glycosides are hydrolyzed into aglycones. We aimed to determine whether OMA 2006.07 is applicable to the quantification of quercetin in lyophilized onion samples. Singleand multi-laboratory validation studies were performed to determine the intra-and inter-laboratory precisions, respectively. Quercetin 3-O-glucoside was spiked into onion samples, and its recovery was quantified to define the trueness of the method.
Experimental

Chemicals
Quercetin dihydrate was purchased from Wako Pure Chemical Ind. (Osaka, Japan) and used as a standard. Quercetin 3-O-glucoside was purchased from Extrasynthese (Lyon, France) and purified by immobilizing on a solid-phase extraction cartridge (Oasis HLB; Waters Japan Tokyo, Japan) and eluting with methanol.
The purity of the purified quercetin 3-O-glucoside was more than 99% based on HPLC analysis. Other chemicals were of reagent grade.
Quantification of the quercetin content of onion samples
Onion samples were extracted in accordance with a method for crude material (dried leaves of Ginkgo biloba) in OMA 2006.07, 12 and the quercetin contents of the extracts were analyzed according to OMA 2006.07. 12 Briefly, about 200 mg of lyophilized and pulverized onion powder was weighed into a glass serum vial (30 mL), and a diluent (ethanol:water:HCl = 50:20:8 (v/v/v), 12 mL) was added. After mixing by sonication, hydrolyzation and extraction were performed by heating at 90 ± 2 C for 60 ± 3 min in a vial capped with a Teflon-faced septum. After cooling to ambient temperature, the volume of the extract was adjusted to 25 mL with methanol, and then filtered through a 0. Official Methods of Analysis of AOAC International (OMA) 2006.07 was originally designed for quantifying flavonol aglycones in ginkgo dietary supplements. To determine whether the method is applicable to the quantification of flavonol aglycones in lyophilized onion samples, single-and multi-laboratory validation studies were performed. Triplicated measurements on 3 different days revealed that the mean quercetin content was 3.48 g/kg dry weight, and the relative repeatability standard deviation (RSDr) and the relative intermediate standard deviation (RSDint) were 0.8 and 1.8%, respectively. The recovery of quercetin-3-O-glucoside spiked at 3 different amounts (1.56, 3.12, and 6.24 g/kg dry weight of onion) ranged from 98.42 to 100.31%, and the RSDr and RSDint ranged from 2.2 to 5.9%, and from 3.4 to 5.2%, respectively. A multi-laboratory validation study showed that the mean quercetin contents were 2.80 and 6.61 g/kg dry weight, and that satisfactory inter-laboratory precision (RSDr and RSDR ranged from 0.41 to 0.92%, and from 6.73 to 7.62%, respectively); all HorRat values were less than 2. These results indicate that OMA 2006.07 is applicable to the determination of the quercetin content of lyophilized onion samples. 
Single-laboratory validation
Onions ("Kitamomiji 2000") were cultivated at Kitami Agricultural Experimental Station, Hokkaido Research Organization, in 2010. Non-edible parts were removed from the bulbs, and about 1 kg of cleaned onion was snap-frozen with liquid nitrogen. The frozen sample was lyophilized, then pulverized in a grinder mill (GM-200; Retsch, Haan, Germany).
A methanol solution of quercetin-3-O-glucoside was added to aliquots (about 200 mg each) of onion sample at doses of 0, 1.56, 3.12, and 6.24 g/kg, and then the mixtures were incubated at ambient temperature for 1 h to evaporate the methanol. Spiked and non-spiked samples were hydrolyzed as described above; then, the quercetin concentration and recovery were calculated. Triplicate measurements were repeated on 3 different days.
Multi-laboratory validation
The onions were as described above. Bulbs without the brownish outer skin (sample A) or with small amounts of outer skin (sample B) (about 5 kg each) were snap-frozen with liquid nitrogen. Frozen samples were lyophilized, and then pulverized in a grinder mill (GM-200). Aliquots (about 300 mg) of each onion sample were portioned into 20 glass vials; 10 vials were used for the homogeneity test, and the remaining vials were stored at -30 C until transport to the validation participants. Upon receipt of the test samples, participants were asked to immediately store them in a refrigerator (4 C) until use.
The multi-laboratory validation study was performed with 4 participating laboratories and 2 kinds of test materials (A and B, described above). Participants were raised from the laboratories joining the grant-in-aid for the research project shown in the Acknowledgments section. Each sample was provided as randomly labeled on, blind duplicates, and each contained a test portion. Participants were also provided with a method protocol as well as an electronic evaluation and reporting sheet (MS Excel format). Four test samples were analyzed once under repeatability conditions.
Statistical analyses
The repeatability, intermediate and reproducibility standard deviations for the quercetin content and recovery were calculated by one-way analysis of variance.
Results and Discussion
Precision within a laboratory
The quercetin content of onion samples was measured in triplicate, and the measurements were repeated on 3 different days. The mean quercetin content was 3.48 g/kg dry weight, and the relative repeatability standard deviation (RSDr) and the relative intermediate standard deviation (RSDint) were 0.8 and 1.8%, respectively ( Table 1 , where C is the commonly measured concentration of the analyte in the sample, expressed as a mass fraction. The mass fraction of the mean quercetin content was calculated by multiplying the volume concentration by the molecular weight of quercetin dihydrate. The predicted RSDr was calculated to be 2.34%, which is larger than the values of RSDr and RSDint. Thus, both the repeatability and the intermediate precision within a laboratory for the quantification of quercetin content of onion samples were judged to be good.
Spike and recovery tests
In OMA 2006.07, the flavanol content, based on the aglycone concentration, is determined by HPLC following acid hydrolysis. Complete hydrolysis of quercetin glucosides in onions is required to obtain values with satisfactory trueness. The dominant quercetin derivatives in onions are reported to be quercetin 3,4′-O-diglucoside and quercetin 4′-O-glucoside. 4 In our preliminary experiments, 4′-O-glucoside was more susceptible to acid hydrolysis than 3-O-glucoside (data not shown). Thus, we chose quercetin-3-O-glucoside, which is more resistant to acid hydrolysis, for spike and recovery tests.
Quercetin-3-O-glucoside was added to onion samples, and the recoveries were determined. Since onion samples that contained no quercetin were not available, the quercetin contents of onion samples without adding quercetin-3-O-glucoside were measured under repeatability conditions, and the average quercetin content (3.48 g/kg dry weight) was subtracted from the quercetin contents of spiked samples.
The spiked amounts of quercetin-3-O-glucoside (1.56, 3.12, and 6.24 g/kg dry weight of onion) were approximately comparable to 25, 50 and 100% of the quercetin content in the onion bulbs (Table 1) , the average recoveries were 99.95, 100.31, and 98.42%, and RSDr and RSDint were 5.9, 2.2, and 2.7%, and 5.2, 3.4, and 3.8%, respectively (Table 2 ). According to the single-laboratory validation guidelines of AOAC, 13 the recovery limit of spiked analyte is 92 -105%. These results clearly indicate that the trueness of the method for quantifying the quercetin content of onion samples can be judged to be good.
Multi-laboratory validation
Homogeneity test: Two kinds of onion samples containing different amounts of quercetin were prepared, and the homogeneity of each sample was verified. From each test material, 10 samples (units) were taken at random from the filled vials, and each sample was split into 2 equal parts (unit subsamples). The quercetin content of each unit subsample was measured under repeatability conditions, i.e., the same method was conducted on identical test items in the same laboratory by the same operator using the same equipment within a short period of time. The within-and between-unit standard deviations for quercetin content determinations were calculated by one-way analysis of variance, and by applying the F-test at the 95% confidence level. All of the p values of the test materials for the validation study were larger than 0.05, indicating that the samples were homogeneous (Table 3) .
Inter-laboratory precision: Individual values obtained at the 4 participating laboratories are given in Table 4 . The mean quercetin contents were 2.80 and 6.61 g/kg dry weight. The RSDr and reproducibility relative standard deviation (RSDR) of the quercetin content ranged from 0.41 to 0.92%, and from 6.73 to 7.62%, respectively (Table 4 ). The precision data obtained in the inter-laboratory study were compared with the predicted levels of precision obtained from the Horwitz equation, Predicted RSDR = 2C -0.15 , where C is the commonly measured concentration of the analyte in the sample, expressed as the mass fraction. The mass a. Quercetin contents of onion samples were shown on dry basis. b. F = F value of one-way ANOVA. When F value was less than F critical value (4.04, α = 0.05), the sample judged to be homogeneous. fractions of the mean quercetin content of samples A and B were calculated in the same way as the predicted RSDr, and provided values of 4.85 and 4.26%, respectively, according to the Horwitz equation. The HorRat value, which is the ratio of RSDR (measured) to the predicted RSDR (Horwitz), gives a comparison between the actual precision and the precision predicted by the Horwitz equation. The calculated HorRat value can be used as a performance parameter to indicate the acceptability of the precision of the method. A HorRat value of <2 usually indicates satisfactory reproducibility, whereas a value of >2 usually indicates unsatisfactory performance of the method. The HorRat values for the quercetin content in samples A and B were 1.57 and 1.58, respectively (Table 4 ). All HorRat values for the onion samples were lower than 2, thus indicating that this method based on OMA 2006.07 can be used to quantify the quercetin content of onion samples with satisfactory inter-laboratory precision.
